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This investigation, which emphasize3 the experimental and predicted 
wave-drag characterist ics of  wing-body combinations, was conducted a t  a 
Reynolds nmiber per  foot of about 4,000,000. Two yawed wings, each with 

results were compared with existing data f o r  similar models with swept- 
back wings. An 8-percent-thick p w e d  wing of aspect  ratio 6 was tes ted  

designed fo r  a Mach nuiber of 1.20, and an  asymmetrical M = 1.x) indented 
body. An aspect-ratio-3 yawed wing with  a  streanwise  thickness of about 
5 percent was tested  with a  fineness-ratio-12.5 Sears-Haack body and  a 
symmetrical M = 1.20 indented body. 

- an  average sweep of about boo, were tested  with  various bodies and the  

v with  a fineness-ratio-ll  Sears-Hack body, a symmetrically  indented body 

In general,  the  effects of changing the  plan form of a wing from 
sweptback t o  y a w e d  were similar fo r  either aspect rati.0. With or  without 
body contouring the  drag  coefficients were  reduced at   t ransonic  speeds 
and increased t o  a lesser  extent at subsonic and supersonic  speeds  by 
yawing the  wings.  Inboard  loading on the sweptforward panel and outboard 
loading on the sweptback panel of the yawed wings caused negative ro lUnn 
moments near zero lift. Predictions of the wave drag were sat isfactory 
for  the  aspect-ratio-3 wings and unsatisfactory f o r  the  aspect-ratio-6 
wings ei ther  sweptback or yawed. 

INTRODUCTION 

Y Experiment and theory  (e.g.,  refs. 1 through 6) have  demonstrated 
that  the  supersonic wave drag can be  kept low by  using  slender  configura- 
t i ons  with smooth longitudinal  dlstributiom of volume. Usually  the 
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wave drag of the  configurations was improvedby  the  proper removal o r  
addition of volume t o  the body. Another poss ib i l i ty  for reducing wave 
drag exists - that of merely redistributing  the wing volume. Since a 
yawed wing has i t s  volume distributed over  a greater  streanwise  length 
than a sweptback wing with similar panels,  the yawed'wing might be 
expected t o  have lower wave drag. The p r imry  purpose of this   invest i -  
gation. was t o  measure the  drag of two yawed wings i n  combination with 
several  bodies. The wings had aspect  ratios of 3 and 6 with  streamwise 
thickness-chord  ratios of about 5 and 8 percent,  respectively. Tests of 
t he   l a t t e r   t h i cke r  wing w e r e  of additional  interest  because theoret ical  
computations  were not  expected t o  apply and the   re la t ive  magnitude of 
the  experimental changes i n  wave drag i n  comparison with estimated  values 
were f e l t   t o  be of in te res t .  

Because of the asymmetry of a yawed wing, an asymmetrical body 
contour was devised and tested  with  the  aspect-ratio-6 wing. The basis 
f o r  the  design i s  indicated  by the plan view of t h i s  y a w e d  wing i n  
sketch  (a). As outlined  in  reference 2, the  desired body indentation 

Sketch (a) 

fo r  a wing-body combination at a specified  supersonic Mach number i s  
based on an average w i n g  area  obtained from all cuts  tangent t o   t h e  Mach 
cone fo r  each par t icular  body s ta t ion.  A s  shown in  the  sketch, a  curved 
body could compensate f o r  the  different  wing areas  resulting from cuts 
made B O o  apart. A secondary  purpose i n  tes t ing  the asymmetrical wing- 
body conibination w a s  the   poss ib i l i ty  that the  pressure-term  contribution 
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which  appears in the  wave-drag  equation of reference 4, but  is  neglected 
in that of reference 2,--would contribute  to  the  wave-drag  reduction. 

The  investigation  included  the  measurement of the  surface  pressures 
on  all  bodies  and  wings.  Data for comparable  sweptback  wings  (with 
symmetrical  bodies)  were  obtained from referaces 7 and 8. Test  data 
were  obtained  for an angle-of-attack  range of +4O, a Mach nuuiber range of 
0.80 to 1.20, and a Reynolds nmnber per  foot af about 4,000,000. 

The  symbols  used in the  report  are  presented in appendix A. 

MODELS A N I  TESTS 

Yawed wings of aspect  ratios 6 and 3, each  with an average  sweep of 
roughly 40°, were used with  vsrious  bodies for this  investigation.  The 
wings  were  fabricated of solid  steel  and  covered by plastic  impregnated 
glass cloth  containing  pressure  tubes. A sketch  of  the  aspect-ratio-6 
yawed  wing  with a Sears-Eaack  body  with a closed-body  fineness  ratio  of 
11 is  Shown in figure 1. This body  is, by definition, 8 minimum-wave- 
drag body for  transonic  speeds f o r  prescribed  volume and length; its 
equation  is  given  in  figure 1. A similar  body was used  with  the  aspect- 
ratio-3 wing, but in this  case  the  closed-body  fineness  ratio  was 12.5. 
&tails  of  the  aspect-ratio-3  yawed wing are  given  in  figure 2(a). In 
both  figures 1 and 2(a), note  the  comparable  sweptback wings indicated 
by  dashed  lines. 

The  yawed wings were also used  with  the  basic  Sears-Haack  bodies 
syrmnetrically  Indented  for  minimum  wave drag at M = 1.20 by  the  proce- 
dures  given  in  reference 2. The  indentations f o r  the  yawed  wings 
neglected a small portion  of  the wing tip  when  it  was  projected  ahead  of 
the body nose for some  roll-angle  cuts.  These  indented-body  radii  are 
listed  in  table I. A photograph of the  aspect-ratio-3  yawed wing with 
the  indented b d y  is  shown in figure 2(b). The  cross-sectional  area 
distributions normal to  the  free  stream for the  various  carnbinations  are 
shown in figures 3 and 4. 

Asymmetrical  bodies  indented f o r  M = 1.20 were  designed  by a 
method  discussed in appendix B. Only the asymmetrical  body  for  the 
aspect-ratio-6 wing was  constructed and tested  for  reasons t o  be dis -  
cussed in the  next  section.  Geometric  details axe presented  in  table 11 
and  figure  5(a),  and a photograph of the  model  is  presented in f 3gure 5(b). 
The body  cross-sections  in  this  case  are  elliptical  with a ratio  of  the 
horizontd to  the  vertical axis of 2 to 1. (This ratio  is  altered  near 
the.bdy base  to  approach  circular  sections  to  accommodate  the  circular 
model-support s t i n g . )  
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I 
Wing-pressure or i f ices  were locat&. as @harp in figure 6. Pressure 

or i f ices  were located on the symmetrical  bodies as shown in   f i gu re  7. 
The locations of the pressure  orifices on the asymmetrical body are shown f 
i n  table III and figure 8. 

The models  were tested in the Ames 14-foot .transonic wind tunnel - 

w h i c h  i s  of the  closed-ret&  tyye with perforated walls in the test sec- 
tion. A sketch of the high-speed  region of W s  test f a c i l i t y  is presented 
in   f igure 9. The f lexible  walls ahead of the  tes t   sect ion produce the 
convergent-divergent  nozzle  required t o  generate  supersonic Mach numbere 
up t o  1.20. This tunnel fs similar to   the  smaller  Ames 2-.by 2-foot  tran- 
sonic wind tunnel w h i c h  is descrfbed i n  detai l   in   reference 9. One excep- 
tion, however, i s  that the  14-foot  tunnel i s  not of the variable-density 
type, but  operates at atmospheric  pressure. The models are mounted on a 
st ing and the forces  are measured as e lec t r ica l  outputs from a s t rab-gage 
balance  located within the model.. Transition af the boundary layer was 
fixed for each body by Carborundqm gr i t   ( s i ze  200) distributed Over I inch 
of the body nose as can be seen i n  figures 2(b) and 3fb).  

Force  data, wing pressures, and body pressures were obtained  over 
an angle-of -attack  range of about 44O. The Reynolds rimer per  foot of 
the tests was about 4,000,000 throughout the Mach  number range of 0.80 
t o  1.20. The tunnel blockage of the models was a each  case less than 
one" af 1 percent, and the data should be re la t ive ly   f ree  of' waU 
interference as indicated by reference 9. A l l  aerodymmfc coefficients 
are based on the complete plan-form area of the  particular wing f o r  which 
the  results  apply. The pitching moments were  comguted about the moment 
centers  l isted i n  figures 1 and 2. These moment centers were selected 
as the  average of the  locations of the quarter chords of the mean aero- 
dynamic chords of the sweptback and sweptforward panels. The drag coef- 
f ic ien ts  were adjusted by eqmting  the base pressures  to free-stream 
s t a t i c  pressure. The magnitudes of the base-drag coefficients f o r  this 
investigation w e r e  comparable t o  those  presented in  reference 8 for 
similar base conditions. 

J 

I 
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The wave-drag campmeat of the zero- l i f t  hrag coefficient a t  
supersonic  speeds was estbated  using  the harmonic analysis method  of 
reference 5 .  The zero- l i f t   r i se  i n  the drag coefficients above the sub- 
sonic  level a t  M = 0.80 was assumed t o  be direct ly  comparable to   the  
wave drag, because sample theoretical  computations for each wing model 
showed a friction-drag-coefficient  varfation (from M = 0.80 to M = 1.20) 
which was of the same order as the  estimated  accuracy of the  experimental 
data of m0 = kO.0005. For the symmetrical bodies the wave drag w a s  com- 
puted far the  bodies t o  closure and then  corrected  for the portion of the 
body cut off-for s t ing  mounting as was done in  reference 8. This correc- 
t ion was equal t o  a C D ~  of -0.0006 f o r  the aspect-ratio-3 wing and 
-0.0010 for  the  aspect-ratio-6 wing. For the asymmetrical  bodies the 
wave drag was computed f o r  the bodies as cut  off, with the area curves 
e rb i t r a r i l y   f a i r ed   t o  have zero  slopes at   the   base of the model. 
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The results  will  be  discussed  in  two major divisions  with  primary 
emphasis on the  wave drag. The  first  section will be  concerned  with 
force  measurements  and  the  last  section with zero-lift  pressure  coeffi- 
cients.  The  pressure  data w e  used  primarily  as  an  aid in interpreting 
the  force  data. 

Aerodynamic  Characteristics 

Plots  of  the  basic  data  for  the  aspect-ratio-6  yawed  wing  with  the 
asymmetrical M = 1.20 indented  body &e s h m  in  figure 10. These  data 
were  selected as representative,  although  this was the  only  configura- 
tion  which had significant  (although small )  yaxdng-mament  (fig.  lO(e)) 
and  side-force  coefficients  (fig. 10(f)). %e aerodyndc coefficients 
of  the  various  models  wtth  the  aspect-ratio-6 wtng are  presented in fig- 
ure ll., and similar data for the  models  with  the  aspect-ratio-3 wing m e  
presented in figure 12. The drag polars presented  in  figures  ll(c)  and 
12(c) clemly indicate  that  the  indentations  were  effective in reducing 
the drag at all supersonic  Mach  numbers and at lsting conditions as well 
as  at  zero  lift.  The  subsonic drag data for the  symmetrical M = 1.20 
indented bdy with  the  aspect-ratio-6  yawed wing (fig.  ll(c))  appear  to 
be  too low because  of  the  lack  of  agreement  with  the  unindented  config- 
uration  at M = 0.80. Unfortunately,  data  for  the  indented  configuration 
were  not  obtained  at M = 0.90 and 0.94. The  supersonic drag data were 
checked  at  zero  lift by a sepwate run at M = 1.195. The drag at zero 
lift  will  be  discussed  later. 

Lift  and  moments.- In general  the  llft and moment  curves  were  more 
nonlinear  for  the  aspmetrical  body  with  the  aspect-ratio-6  yawed wing 
(fig. 11) than  for any other  model. The assmption of a center-of - 
pressure  location  which  was an average  of the locations of the  quarter 
chords of the mean aeroaynamic  chords  of  the  sweptforward  and  sweptback 
panels  was  quite good at  subsonic  Mach  nunhers  for  the  aspect-ratio-6 
yawed wing and  at M = 1.05 for  the  aspect-ratio-3  yawed wing as  shown 
by the  pitching-moment  data  of  figures  U(b)  and 12(b). 

O f  particular  interest  were  the  rolling-rnment  data of figures  U(d) 
and 12(d). Generally, for each  yawed wing the  rolling  moments  decreased 
with an increase in positive  lift. The pressure  data,  which w i l l  be  pre- 
sented  later,  showed  that  the  sweptforward  panel had greater  inboard 
loading and the  sweptbsck w i n g  had  the  greater  outboard loading which 
accounts  for  the  negative  rolling  moments.  Some  penalty  in drag would 
probably be incurred in providing  lateral  trim  for  these  configurations. 
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The lift curves f o r  the two  yawed wings with their  respective 
Sears-Haack bddies vere suff ic ient ly  line& that  the slopes could be 
measured and are  compared in figure 13 with values from references 6 and 
7 f o r  comparable sweptback-wing-body co&inations.  Relative t o   t h e i r  
comparable (same wing sections &nd volume) sweptback wings the  aspect- 
ratio-6 yawed wing was superior a t  supersonic Mach numbers and the 
aspect-ratio-3 yawed wing was infer ior  a t  most Mach numbers. 

Zero-1ift-dra.g.- I n  comparison w i t h  sweptback wings,  the yawed wings 
have cross-sectional area distributions normal t o  the f ree  stream (see 
f ig .  14) tha t  are equivalent t o  longer and thinner  bodies and were there- 
fore  expected t o  have lower wave drag a t  M = 1.00. These q e c t a t i o n s  
were realized as shown in  f fgure 15. I n  both  cases  the yawed wings had 
lower drag a t  transonic speeds  and higher drag a t  both  subsonic and super- 
sonic speeds than the  sweptback-wing models. The higher drag for   the 
y-awed wings a t  subsonic  speeds might be  the result of separated flow near 
the wing-body juncture. The higher drag a t  supersonic  speeds was not 
predicted  theoretically and i s  probably .a result of the reduced sweep of 
the  leading edge of the sweptforward panel, As shown in - t ab le  IV the 
leading-edge  stagnation  gressures on the sweptforward panel a t  M =I 1.20 
were 30 t o  60 percent  greater than those on the sweptback  one. 

A s  mentioned previously the symmetrical M = 1.20 indentations were 
successful i n  reducing the supersonic  drag of the yawed wings and, i n  
particular, at the zero-lift  Coefficients  as shown in figure 16. These 
results  for  the  aspect-ratio-3 yawed w i n g  with the indented body are 
replotted  in  f igure 1.7 with zero-lift  drag  coefficients from reference 8 
f o r  the sweptback wing and similarly  indented body. It i s  apparent that  
a t  the design Mach number of 1.20 the indentation  for  the yawed wing did 
not  alleviate  the  greatly  increased  drag of the yawed wing i n  comparison 
with the sweptback wing, 

Although the theoretical  predictions for the aspect-ratio-6 wing 
with the  asymmetrically  indented body indicated an increase i n  wave-drag 
coefficient a t  M = 1.20 of 0.0020 i n  comparison with  the  symmetrically 
indented model, the experimental results indicated no penalty. This 
result may be noted from the zero-lif t  8rag coefficients of figure 18 
and the drag-rise  coefficients of figure 19. Figure 19 includes  the 
results f o r  the aspect-ratio-6 wing with the basic Sears-Haack body. 
From figure 19 it may be noted that the wave drag was reduced by the 
asymmetrical  contouring r e l a t ive   t o  the basic body by 10 t o  40 percent 
at a l l  the supersonic Mach.nmibers. No quantitative wave-drag  compari- 
sons should  be made re la t ive   to   the  symmetrically  indented  configuration 
because of the uncertainty of the  subsonic data. 

Figure 20 shows that the computed zero-lift  drag  for the aspect- 
ratio-6 sweptback w i n g  was not i n  agreement with experimental values 
from reference 7. This is a l so   t rue   for  the yawed wing ( f ig .  U). These 
resu l t s   i l lus t ra te  that the method of reference  5-cannot be rel ied on t o  
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estimate  accurately  the wave drag of relatively  high-aspect-ratio wings 
of this thickness.  Figures  22(a) and (b) show that  the  calculations are 
rel iable  f o r  the  aspect-ratio-3 wing. The computations f o r  this wing 
a re  more accurate f o r  the indented  configuration which has the more opti- 
m area  curves. The U t t l e  peak i n  the computed curve is  a t  the Mach 
n M e r   f o r  which the leading edge of the sweptforward-wing panel i s  
sonic. 

U 

Effect of oblique-force term, pL(x,B)/2q.- The body of the  asymmet- 
r i c a l l y  indented model tes ted w a s  suff ic ient ly  asymmetrical r e l a t ive   t o  
normal a i r c ra f t  design tha t  a check of the   s ize  of the  oblique-force 
term of reference 4 a t  M = 1.20 and zero lift was of pract ical   in terest .  
The s ize  of this  term at  zero l i f t  would probably  (but  not  necessarily) 
be a maximum a t  the highest   tes t  b h c h  nuniber because the term i s  a direct  
function of p and  goes t o  zero a t  M = 1.00. The pressures on the  body 
used t o  compute the  oblique-force  term  are shown in  f i v e  23. The or i -  
f ice  locations  are  given  in  f igure 8 and t ab le  111. As a result of the 
relative  thinness of the wlng, the  oblique-force-term  contribution from 
the  wing should  be  negligible a t  zero l i f t .  The oblique-force  terms 
obtained from the  pressure  coefficients  for  various  cutting-plane  angles, 
8, a re  shown in   f i gu re  24, and the  equivalent  area  distributions f o r  two 
representative e angles of OO add MOO are  presented  in  f igure 25. 
Although the  area curves fo r  each 6 Ehngle were altered.  slightly  by 
introducing  the  equivalent  areas of the  oblique-force term, the  over-all  
effect  on the  computed  wave-drag coefficients was negligible  for M = 1.20. 

b 

% 

Pressure  Results 

Summary plots of some of the more interest ing wing pressure 
coeff ic ients   a t  zero l i f t  are  presented In figures 26 through 29. The 
pressure  coefficients  near  the wing-body juncture are of in te res t  rela- 
t i v e  t o  techniques such as reference 7 fo r  reducing the interference 
effects  near a wing root a t  high subsonic and transonic  speeds. The 
curves of figures 26 and 27 show that the sweptforward panels, i n  com- 
parison with  the sweptback panels, have juncture  pressure  coefficients 
which would be  expected t o  give more favorable drag interference with 
the bodies  (particularly at M = 1.00). The general  effect of the asym- 
metrical  indented body on the  wing pressure  near  the wing-body juncture 
(shown in   f i g .  26) was t o  reduce the  pressure  coefficients almost as if 
the win@; were thinner. 

A comparison of the  wing pressure  coefficients at three spanwise 
stations on the  sweptback wing, the  sweptback panel, and the sweptforward 

for  the  aspect-ratio-3 wings. The resul ts  for the  wings of different 
aspect  ratios  are  similar. These pressure data clear ly  demonstrate the  

.I pan& is made i n  figure 28 for  the  aspect-ratio-6 wings and in   f igure  29 

* large  inboard loading on the sweptforward pasel and the  large outboard 
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loading on the sweptback panel or the sweptback wing. mese  loadings 
explain  the  negative  rolling moments near  zero l i f t  obtained from the 
force measurements. The TJing pressure  coefficients  for the sweptback 
panel  generally approached the  values  for  the sweptback uing. 

The w i n g  pressure  coefficients a t  zero l i f t  for the aspect-ratio-6 
yawed wing with various  bodies  are  given i n   d e t a i l  in figures 30 through 
32 and present a direct  comparison between sweptback and sweptforward 
panels. Tihe body pressure  coefficients  for the aspect-ratio-6 yawed 
wlng a t  zero l i f t  are  presented  in  figure 33. Similarly,  the wing pres- 
sure  coefficients  for  the  aspect-ratio-3 yawed wing  models are presented 
in   f igures  34 and 35 and the body pressure  coefficients in figure 36. 

In general,  the ejTfectB on the drag  characteristics of  a  model 
obtained  by changing a sweptback wing  t o  a yawed wing were similar f o r  
either the  aspect-ratio-6  or -3 wings. Without body contouring,  drag- 
coefficient  reductions a t  a Mach number near 1.00 of about 0 . co5O t o  
0.0100 were obtained  by yawing the  wings, Yawing the w i n g s  caused 
increases i n  the drag  coefficients a t  subsonic Msch mmibers of about 
0.0015 t o  0.0030  and a t  M = 1.20 of about O.OO35 t o  0.0060. I n  each 
case  the lower  values are for the  aspect-ratio-3 wing which had the 
larger  wing area and the thinner  sections. With EL symmetrical M = 1.20 
indented body, the aspect-ratio-3 yawed w i n g  again  had lower drag a t  - -  

transonic speeds and higher drag a t  M = 1.20 r e l a t ive   t o  a  comparable 
indentation  for a sweptback wing. For  both yawed wings the M = 1.20 
indentations reduced the  supersonic wave drag  without an increase i n  
drag a t  M = 1.00. 

Predictions of the wave drag were satisfactory  for  aspect-ratio-3 
wings and unsatisfactory f o r  the  aspect-ratio-6 wings, ei ther  sweptback 
or yawed. Although the  theoretical  predictions for the aspect-ratio-6 
wing with the asymmetrically  indented body indicated  an  increase in wave- 
drag coefficient of 0.0020 i n  comparison with the symmetrically  indented 
model, the experimental results  indicated  qualitatively no penalty. 

Introducing the equivalent  area curves  obtained from the oblique- 
force term a t  zero l i f t  to   the  area curves  analyzed for  M = 1.20 had a 
negligible  effect on the  predicte.d wave drag. 

Ames Aeronautical Labor'atory 
National Advisory Conrmittee f o r  Aeronautics 

Maffett Field, Calif., Mar. 3,- 1958 
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A 

b 

CD 

cDO 

AcDo 

C 

C' 

E 

d 

e 

w i n g  aspect ratio 

model span 

drag  coefficient 

zero- l i f t  drag  coefficient 

r i s e  of %o above subsonic level at M = 0.80 or theoret ical  
wave-drag coefficients 

l i f t  coefficient 

rolling-moment coefficient 

pitching-moment coefficient, measured about the average of the 
locations of the  quarter chords of the mean aeroaynamic  chords 
of the sweptback  and  sweptforward panels 

yawing-moment coefficient 

pressure  coefficient, - 
side-force  coefficient 

P-P, 
s, 

local chord of whg, measured parallel to the x axis 

local chord of design a i r fo i l   sec t ion  of the aspect-ratio-3 wlng, 
measured perpendicular t o  A = 39.450 l i n e  

mean aeroaynamic chord 

juncture chord, measured i n  x direction from pint of in te r -  
section of wlng leading edge and bow 

distance from asymmetrical body mean center f i e  to reference 
l ine ,  x axis 

perpendicular  distance from xz plane  through body mean center 
l i n e  to surface of asymmetrical body for   d i f fe ren t  8 as 
shown in   f igure 5( a) 



10 

L(x,8) resultant  force (on the  obliquely  cut  section) normal to   the 
f r ee  stream and parallel t o  the plane 8 = constant ( re f .  4) 

2 length of  theoretical body t o  closure 

M free-stream Mach nuniber 

1B number of t e r n  o r  harmonics used in the theoretical  computations 
of wave drag 

P local   s ta t ic   pressure on the  model 

PC0 free-stream  static  pressure 

s, free-stream dynaraic pressure 

R Reynolds nuniber 

r radius of body 

radius of Sears-Haack body at -* maximum radius 2 
r0 2' 
S projection of S B  on a plane perpendicular t o  the x axis 

S S  area formed by cutting  cMfiguration with planes  tangent t o  t h e  
Mach cone 

x,y,z Cartesian  coordinates as conventional body axes (measured from 
the body reference  line for the asymmetrical body) 

a angle of attack 

e angle between the p s i t i v e  y axis and the  projection of the 
tangent to the Mach cone i n  the yz plane; also roll angle 

A sweep angle 

E distance i n  the x direction measured from the  intersection of 
the wing leading edge and the  body 

f angle i n  the xy plane between the intercept with the  xy $lane 
of the  cutting  planes  tangent to the Mach cone and the posit ive 
Y axis " 
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APPENDIX B 

DESIGN OF 'l3E ASYMMETRICAL BODY 

It has been shown tha t   the  wave drag of a configuration  for a Mach 
nunher greater  than 1 i s  a function of cross-sectional  area  cuts of planes 
tangent t o   t h e  Mach cone ( re f .  2); t ha t  i s  , a t  a par t icular  Mach  nuniber 
the average of t h e  wave-drag  components of a l l  of the area  cuts wil l  be 
t h e   h a g  f o r  that Mach n-er . 

Previous methods of indentation have  been t o  optimize  the  drag for 
a part icular  Mach nmiber with a body shape w h i c h  is constant  for all 8 
angles ( a  body of revolution). The body of revolution was indented 

Asymmetrical body 

symmetrically f o r  the average of the wing areas computed  from. ea'& 8 
area  cut of the Mach cone. However, f o r  the yawed wing the individual 
wing areas vary greatly from the'  average  (sketch (a) ), so it was thought 
that f o r  this configuration an asymmetrical indentation ml.ght produce 
lower wave drag than the.  conventional. symmetrical tjrpe of indentation. 
For the asymmetrically  indented body the cross-sectional  area  contribu- 
t i on  of the body would be more for some 8 cuts  than f o r  others. The 
body contribution would be  designed t o  complement the cross-sectional 
area  contribution of the WF-hgs (sketch  (a)) ,  
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- 8  
The following  procedure w-as used i n  desi@;ning the  a s - m e t r i c a l  body 

f o r  the aspect-ratio-6 yawed wing. The area distribution of a Sears-Haack 
body (minimum wave drag a t  transonic speeds for  prescribed volume and 
length) was taken to   be a desirable   dis t r ibut ion  for   the --body combi- 
nation  for each 8 cut. The design Mach n"er was chosen t o  be M = 1.20. 
The most desirable  area  distribution of b o w  cross sect ion  for  each r o l l  
angle  or 8 cut would be obtained i f  the computed wlng area  for  each 8 
cut were subtracted from the Sears-Eaack area  distribution. 

- 
" 

t =-. 

Optimizing all cuts at once pres-&it&  numerous problems, so it was 
decided t o  begin with one or two cuts. It was thought tha t  i f  the body 
shape  could be improved for  two extreme cuts ( 0  = 0' and l8O0), the  cuts 
i n  between might also be Improved. A body w i t h  an  asymmetrical  shape 
such as   the one shown below would create the desired  effect; that i s  
small body area f o r  Oo and large body area at 180O. The .go0 cut would 
have an area falling between the two extremes as was-also  deslrable. 

" .  

Symmetr ica l  body Aaymmetricoi body 

Plan vlew 

Projected cross-sectionot areas 
a r e  the same for all 8 

Sketch (b) 

Projected cross-sectional  areos 
vary with 8 

The vertical   height of this body was assumed t a  be small i n  canparison 
with the horizontal, an e l l i p t i c  shape with .a ratio of 1 t o  2 was chosen; 
thus  the 0 a 90° cut became approximately  equal t o  the M = 1.00 cut; 
and the vertical   heights of all. cuts were approxlmtsly the same. To 
a id  in calculation,  the maximum thickness of the  e l l ipt ical   cut  was 
assumed t o  l i e  on the body reference line and the projected  areas were 
assumed to   be   e l l i p t i ca l .  The error8  introduced- were calculated and 
found t o  be small. 

The method chosen to   ob ta in  the asymmetrical shape was t o  leave  the 
8 = 90° area distribution constant and shear the body in the y direc- 
t i on  along planes perpendicular t o  the x axis  i n  such a way as t o  - 
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obtain  the  desired  area f o r  the  other two cuts, 8 = Oo and 8 = U O 0 .  
For the  aspect-ratio-6 yawed wing, the body area  distribution  selected 
f o r  the 0 = wo cut was the same as  that   for  the symmetrical  average 
indented body f o r  M = 1.20, an& f o r  the 8 = 180° cut, the Sears-Haack 
area  distribution  less  the  aspect-ratio-6 y-awed wing area f o r  the 8 = 180° 
cut was used. It was fe l t  that   the  average distribution fo r  the 8 = 90' 
cut would a id   in   sa t i s fy ing  both the 6 = Oo and 8 = 180° desired  area 
distribution. 

The contouring was not  successful i n  lowering the complete drag fo r  
the design Mach nurnber. The individual components of the wave drag were 
affected  as w h i n e d  below. The contouring  succeeded in  smoothing the 
8 = 180' cut  distribution  as shown in  f igure 37 and it would have been  a 
Sears-Haads distribution  as  desired  except f o r  newly exposed wing volume 
due t o  the contouring. The magnitude of the 8 =t Oo cut  distribution was 
lowered; however, the  slopes of the area curves were not improved and, 
consequently, t h e  computed drag was not  lowered, in   fac t ,   there  was an 
increase. The calculated  drag component fo r  the 8 = goo cut which should 
have  remained the  same as fo r  the symmetrical average  indented body was 
somewhat worsened due t o  newly exposed wing areas. Similar computations 
with comparable resul ts  were made f o r  the  aspect-ratio-3 wing. Changes 
in   the   a rea  curves a re  shawn in   f i gu re  38 and the computed drag f o r  the 
asymmetrical  shape i s  sham in   f igure  22. 
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Flgure 1. - Aspect-ratio-6 yawed wlng with the  fineness-ratio-U. Sears-hack body. 
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Mgure 8. - Location of body pressure o r i f i c e s  on the asymmetr ical  PI = 1.20 indented body used 
wlth the aspect-ratio-6 gawea w i n g .  (See table 111 for speciflc body etatione.) 
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Figure 10. - Aerodynamic characteristics of f i e  aspect-ratio-6 y a w e d  wing with an BSymmetrical 
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Figure ll. - Aerodynamic characteristics of the aspect-ratio-6 yawed wing with various bodles. 
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